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ances consist of a number of elements having the shape 
of a cone or a truncated cone with approximately the 
same height as the diameter of their bases and spaced 
on the order of two to three base diameters. These ele- 

5 ments can be built into the balloon itself or they can be 
attached to the balloon’s exterior. 

Accordingly, it is an object of this invention to provide 
a meterological balloon having superior aerodynamic sta- 
bility. 

A CT OF 10 It is a further object of this invention to provide a 
meterological balloon having a plurality of protuberances 
uniformly distributed over its surface to provide rough- 
ness which results in an aerodynamically stable device. 

It is yet another object of this invention to provide a 
This is a continuation-in-part of application Ser. No. 15 roughened surface on a meterological balloon to produce 

385,528, filed July 27, 1964. a stable boundary layer separation of air flowing around 
The invention described herein may be manufactured the balloon as it rises freely in the atmosphere where 

and used by or for the Government of the United States there is a relatively high Reynolds number of the flow to 
of America for governmental purposes without the pay- enhance its areodynamic stability and response to hori- 
ment of any royalties thereon or therefor. 

This invention relates to a fluid flow sensor and more These and other objects and advantages of this inven- 
particularly to a meteorological balloon which provides tion, obvious to those skilled in the art, will be more ap- 
stable boundary layer separation of the air flow around the parent upon reference to the following detailed descrip 
ballon as it ascends freely in the atmosphere thereby tion of an embodiment thereof taken in conjunction with 
reducing the balloon’s self-induced motions. 25 the attached drawings wherein: 

It has been known for many years that vertical gradients FIGURE 1 is a side elevational view of a meteorological 
of the wind field in the atmosphere are many times larger ballon constructed in accordance with the invention show- 
than horizontal gradients. For example, wind shears over ing the protuberances which provide aerodynamic sta- 
relatively small distances have been determined to be bility; 
50 or more times greater in the vertical than in the hori- 30 FIGURE 2 is a cross sectional view of a fragmentary 
zontal direction. For design and flight testing of vertical- portion of the balloon shown in FIGURE 1; 
ly rising vehicles, particularly larger types such as rocket FIGURE 3 is a graph showing wind speed plotted 
boosted space vehicles, it is important that the detailed against altitude taken from data obtained by tracking a 
characteristics of the wind field be specified in the vertical spherical balloon; 
direction. FIGURE 4 is a graph in which wind direction is 

Wind Sensors of a more or less spherical shape have plotted against altitude obtained by tracking a spherical 
been employed for many years. Winds are normally balloon; 
measured by tracking a spherically shaped helium or hy- FIGURE 5 is a graph similar to that shown in FIGURE 
drogen-filled neoprene or rubber balloon which expands 3 but utilizing data obtained by tracking a meteoro~ogica~ 
as it rises. Positions of the balloon in space are deter- 40 balloon having a roughened surface in accordance with 
mined by tracking it either with radar or theodolites, and the instant invention; 
wind profile data are calculated from the balloon posi- FIGURE 6 is a graph similar to that illustrated in 
tions. Most of these data measured in this way are aver- FIGURE 4 but utilizing data obtained from tracking a 
aged over an altitude layer of 600 meters or more, and 45 meteorological balloon having a roughened surface in ac- 
this averaging process eliminates some small-scale motions cordance with the instant invention; 
which would be indicated if the balloon were tracked FIGURE 7 is a graph in which the wind speed is plotted 
precisely. against the altitude illustrating the successive increases 

It has been proposed that a super pressure Mylar, con- in accuracy obtained utilizing meteorlogical ballons hav- 
stant volume sphere be used as a wind sensor and tracked 5o ing a smooth spherical surface, one having 90 protuber- 
by a precision radar such as the AN/FPS-16 to obtain ances and one having 270 protuberances; 
the desired wind data. Acting on this proposal the Na- FIGURE 8 is a cross sectional view of the fragmentary 
tional Aeronautics and Space Administration initiated a portion of a balloon having conical protuberances; 
program of tracking such as a spherical balloon for the FIGURE 9 is a graph showing wind speed plotted 
purposes of obtaining detailed profiles of the wind field 55 against altitude taken from data obtained by tracking a 
above Cape Kennedy, Fla. Preliminary analyses were spherical balloon at higher altitudes; 
made and reported whereupon it was realized that the FIGURE 10 is a graph showing wind speed plotted 
small scale features as indicated by the detailed profiles against altitude taken from data obtained by tracking a 
did not truly represent the atmospheric air motions. A spherical balloon with a plurality of conical protuberances 
program was then initiated to evaluate the aerodynamic 60 at higher altitudes; 
properties of spheres. It was determined and corroborated FIGURE 11 is a graph showing wind speed plotted 
by other independent tests that spherical balloons do not against altitude taken from data obtained on another 
rise vertically in a calm atmosphere. occasion by tracking a spherical balloon with conical 

According to the present invention, it has been found protuberances at higher altitudes. 
that this difficulty may be overcome by roughening the 65 In order to better understand the construction, use and 
surface of the sphere by uniformly dispersing a plurality principles effecting a body’s behavior in the presence of a 
of protuberances over its surface. Preferably the protuber- flowing fluid, the body will be described as a meteor- 

James R. 
States 
of the 

5 C l h s .  (el. 73-189) 

A meteorological balloon having many small protuber- 
ances over its surface to provide aerodynamic stability. 

20 zontal wind components. 
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ological balloon. It is to be understood, however, that 
various other body shapes and uses may be found for 
this novel device in detecting the magnitude and direction 
of changes in the flow of fluids. In a large rocket booster 
recovery system, a balloon such as that described herein 
can be used as a drag device for reducing the vehicle’s 
rate of descent. Other uses will be readily apparent to 
those skilled in the art. 

With reference to the accompanying figures wherein 
like numerals represent like or similar parts throughout 
the several views and with initial attention directed to 
FIGURE 1, a meteorological balloon 10 is fabricated 
from a thin-wall, flexible material forming a gas-tight 
spherical envelope 12. Evenly dispersed on the surface of 
the envelope 12 are a plurality of protuberances 14 form- 
ing a “roughened surface” and a small mass 15. 

In FIGURE 2, the envelope 12 is shown as fabricated 
from laminated gores which are joined together by a 
COnVentiQnal flexible adhesive. The laminated skin consists 
of a thin film base layer 16 of tough and non-expandable 
material. A preferred material for layer 16 is the polyester 
Mylar which is strong and well suited for applications 
such as this. The base layer I6 is covered with a thin 
metallic layer or film 18 of a material having a high ratio 
of strength to weight such as, for example, aluminum. The 
metallic coating 18 preferably forms the external surface 
of the balloon so as to provide protection for the base 
layer 16 and also to provide a superior reflective surface 
to facilitate detection by tracking instruments such as 
radar. It can .be seen that the protuberances 14 are molded 
into the surface of the envelope 12 and extend outwardly 
from the interior of the balloon. While this is a preferred 
manner of providing the protuberances, it is obvious that 
they may also be cup-like elements secured to the exterior 
surface of the envelope 12 by an adhesive or by other 
suitable means. 

The protuberances 114 shown in FIGURE 2 are trun- 
cated cones with their base diameter approximately equal 
to their height and they are spaced apart on the balloon 
surface approximately 2 to 3 diameters. 

The envelope 12 is formed into a gas-tight enclosure 
having a valve (not shown) for filling the envelope; the 
valve acts also as a pressure relief valve to maintain an 
overpressure of from 4 to 8 millibars within the envelope. 
When it is desired to determine the wind profile above a 
particular location, the envelope 12 is filled with a suitable 
lighter-than-air gas such as, for example, helium. The 
balloon is then allowed to rise through the atmosphere 
and its position relative to a known reference point de- 
termined by means of a tracking radar. The various posi- 
tions of the balloon are then plotted on graphs such as 
those shown in FIGURES 3 through 7 with the wind 
speed and direction determined in a conventional manner. 

In order to understand the manner in which the pro- 
tuberances 14 produce aerodynamic stability, a brief dis- 
cussion of the flow around spheres will be presented. The 
basic pattern of such flow is well established and has been 
presented in many books on mechanical engineering and 
fluid dynamics. 

In considering a sphere rising through the atmosphere 
in a horizontal wind field it is seen that the forces which 
act upon the sphere are buoyancy, gravity, drag and lift. 
The forces of buoyancy and gravity are easily evaluated 
and will not be considered in detail here. Drag and lift 
forces however, may be highly erratic, and therefore will 
be discussed in terms of their influence on the balloon’s 
motions. For the purposes of this discussion it will be 
assumed that the winds are horizontal without vertical 
components. 

The buoyant force is of course directed upward and 
produces an ascent rate for the balloon. A drag force due 
to the ascent of the balloon acts in a direction opposite 
to the buoyant force. Other drag forces due to irregular 
boundary layer flow and horizontal components of air 
flow over the balloon’s surface are also present. The aero- 

dynamic lift force, dependent upon the flow over the sur- 
face of the balloon, acts primarily perpendicularly to the 
drag force. Although the lift force is determined by the 
nature of the flow around the balloon it cannot always be 

5 readily evaluated. It may be quite large in some cases 
and have a significant influence on the balloon’s motion. 

Schlichting in a book entitled “Boundary Layer 
Theory,” published by the McGraw-Hill Book Company, 
reported that Prandtl demonstrated that the nature of fluid 
flow around a sphere may be altered merely by placing a 
wire around the equator. The wire acts as a boundary 
layer transition trip for the air moving around the sphere 
and it reduces the laminar separation of the flow. Small 
surface irregularities on a balloon might be sufficient to 

15 induce laminar to turbulent boundary layer transition at 
different points around the sphere and, when this happens, 
the area of the flow separation will move either up-stream 
or down-stream on the surface of the sphere. The move- 
ment of the flow separation region will not necessarily 

20 be in the same direction at all points around the sphere. 
This oondition will cause changes in lift and drag forces 
on the balloon, with the result that the balloon will experi- 
ence accelerations. At any instant the flow separation 
could change, aocelerating the balloon in a different direc- 

25 tion. As the balloon is tracked, and it position plotted, 
these accelerations resulting from the self-induced mo- 
tions of the sphere itself appear as winds which actually 
do not exist. Thus, an incorrect wind profile is presented. 
Surface roughness elements (protuberances) of the type 

30 illustrated herein cause a regular separation of the flow 
around the sphere and reduce the forces which produce 
the induced motions. 

It was shown by Schlichting and others that the drag 
coefficient is a function of the Reynolds number for the 

35 particular flow. For a sphere at high Reynolds numbers, 
the drag coefficient is small. As the Reynolds number de- 
creases the drag coefficient goes through a sharp increase 
in value and reaches a rather large value at small Reynolds 
numbers. The nature of the flow separation process is 

40 quite different at low Reynolds numbers than at high 
Reynolds numbers. Characteristics of this flow separation 
process influence the nature of the drag and lift forces 
and, therefore, the induced motions of the meteorological 
balloon. As high Reynolds numbers the separation area 

45 has moved down-stream and is near the back or trailing 
portion of the sphere. Small surface irregularities on the 
sphere may alter the nature of the boundary layer and 
separation characteristics, thus producing variations in the 
magnitude and direction of the lift and drag forces. At 

50 small Reynolds numbers, flow separation takes place fur- 
ther up stream on the sphere and results in a smaller 
variation in these forces which cause induced motions. 
Therefore at small Reynolds numbers the spherical bal- 
loon is more stable, and it gives a better indication of the 

A spherical meteorological balloon can be made to op- 
erate at low Reynolds numbers by either decreasing its 
size or decreasing its ascent rate. For small balloons the 
ascent rate is inherently low and, therefore, the Reynolds 

60 number of the flow over the balloon surface is low. Addi- 
tionally the ascent rate of a balloon may be decreased by 
artificially increasing the mass of the balloon for a given 
diameter and specific gravity. However, with either a 
small balloon or a larger constant volume balloon with 

65 increased mass, only a limited altitude can be reached. 
The approach of the present invention is to artificially 
change the air flow over the balloon surface such that a 
lower Reynolds number flow is simulated. By the use of 
the protuberances 14 a roughened surface is created on 

70 the balloon which induces a larger wake behind the bal- 
loon as it ascends therefore producing larger drag and 
smaller lift forces at the high Reynolds number flow. 

Comparative results obtained in tracking a balloon hav- 
ing a smooth surface and those obtained in tracking a 

75 balloon having a roughened surface in accordance with 

55 true wind conditions. 
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this invention are shown in FIGURES 3 through 6. A 
comparison of FIGURES 3 and 5 shows that the oscilla- 
tions indicated by the sphere having a roughened surface 
in accordance with the invention are approximately half 
those indicated by a smooth surface balloon. The com- 
parison of FIGURES 4 and 6 shows that a reversal of 
wind direction was indicated when a smooth surface 
spherical balloon was utilized which was not indicated by 
tracking data obtained from the roughened surface bal- 
loon and which did not actually occur. 

A series of balloon flights has been made at Cape Ken- 
nedy with tracking data obtained from an AN/FPS-16 
radar. The data obtained from these flights are shown in 
the graphs of FIGURE 7. Included in these runs were 
rough surface spheres, one having 270 protuberances dis- 
tributed over its surface and one having 90 protuberances 
distributed over its surface, and also a sphere having a 
smooth surface. These profiles showed dramatically the 
influence of the surface roughness on the response char- 
acteristics of the sphere to changing wind conditions. A 
comparison of the profiles indicated that the surface rough- 
ness decreases the dispersion of the test data about a 
mean profile. This is due to the fact that the surface 
roughness stabilizes the boundary layer separation points 
and therefore the drag forces and reduces the influence 
of the corresponding lift forces. 

While it is obvious that many dispersion patterns and 
sizes and shapes of the protuberances may be utilized, the 
following described meteorological balloon was found to 
produce outstanding results. The envelope itself is  con- 
structed on one-half mil aluminized Mylar formed into 
a sphere of diameter between one and two meters with 
an accuracy in the spherical shape of 1 to 2 percent. The 
protuberant surface roughness elements have the shape of 
truncated cones and are approximately 7 centimeters in 
diameter at their base and approximately 8 centimeters in 
height. The roughness elements are spaced apart approxi- 
mately 15 to 20 centimeters. 

It was found that wind profile information may be ob- 
tained at higher altitudes using the configuration shown 
in FIGURE 2; however, dramatic increases in the re- 
sponse of the meteorological balloon of this invention to 
the true winds at these altitudes may be obtained by 
using conical protuberances 20 shown in FIGURE 8. A 
plot of wind speed against altitude from data obtained 
from tracking a spherical balloon with truncated pro- 
tuberances at higher altitudes is shown in FIGURE 9 
while FIGURES 10 and 11 portray the same informa- 
tion obtained from tracking a balloon having conical 
protuberances. Also it was found that the small mass 15 
kept the balloon from tumbling as it ascended thus re- 
ducing induced motions from this source. The size of the 
mass (which may be of lead or other suitable material 
attached to the balloon by conventional means) is deter- 
mined such that it balances the shearing forces created as 
the balloon tends to tumble while it is less than that which 
would produce a pendulum effect on the freely rising 
balloon. 

It will be apparent that by utilizing the teachings of 
this invention a meteorological balloon having superior 
response characteristics and greater accuracy in measur- 
ing wind velocity and direction may be produced. It is a 
vast improvement over the old, smooth surface spherical 
type meteorological balloons which were subject to self- 
induced directional changes giving a false picture of the 
wind profile above a particular location. Data obtained 
from measurements made utilizing the old type balloon 
had to be averaged over an altitude layer of 600 meters or 
more which eliminated small-scale motions. Such a re- 
quirement precluded the taking of measurements at close 
intervals so that small scale wind changes 'could not be 
determined. The instant invention resolves this problem 
in the manner described so that the measurements may be 
taken at increments of 25 meters at  lower altitudes. This 
is an invaluable tool in these days when wind profile in- 

formation must be known precisely to determine the struc- 
tural loads and control responses of large rocket propelled 
boosters and other vehicles during launch and recovery 
operations. Additionally it is an invaluable tool in de- 

5 termining the wind profile at higher altitudes since the in- 
duced motions which exist using the old type spherical 
balloons were increased in the higher 'altitudes due to in- 
creased values of the Reynolds number of the flow over 
the surface of the balloon. 

It is of course understood that with the teachings here, 
different shapes of the body used to indicate changes in 
the direction and velocity of a fluid flowing around the 
body are possible; however, the spherical balloon de- 
scribed herein is an economical and reliable device useful 

15 in the determination of changes in the atmospheric air 
flow at different altitudes. Also the mass 15 placed on 
the surface of the meteorological balloon described here- 
in may lead to the result that the protuberances need not 
be placed over the entire exterior surface of the balloon. 

20 Possibly only a strip of protuberances around the balloon 
would be needed in the area of the flow separation. 

There has been described the invention in its novel 
aspects; however, it is to be understood that there has 
been shown merely embodiments of the invention and 

25 that the invention is not to be limited to the structure 
shown and described. The present embodiments are there- 
fore to be considered in all respects illustrative and not 
restrictive. Obviously numerous modifications and varia- 
tions of the present invention within the invention's true 

30 spirit are possible in light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims the invention may be practiced other- 
wise than as specifically described herein. 

What is claimed is: 
I. A meteorological balloon for use in the measure- 

ment of the magnitude and direction of a wind field above 
a geographical location, comprising: 

(a) a hollow, spherical envelope fabricated from a thin 
laminate Comprising a plastic film and a metallic film, 
said envelope having a diameter in the range of one 
to two meters; 

(b) said envelope having many small, integral, hollow, 
exterior protuberances molded into the surface of the 
envelope, each protuberance having a height to base 
ratio slightly greater than one and being spaced apart 
from its adjacent protuberances at a distance of 
about two to three base widths so as to cause a uni- 
form and stable separation of the boundary layer of 
air which flows around said envelope during the 
measurement of the wind field. 

2. A meteorological balloon as defined by claim P 

3. A meteorological balloon as defined by claim 1 

4. In a spherical meteorological balloon of the sub- 
stantially constant volume type having a diameter in the 
range of 1 to 2 meters, the improvement comprising: 

(a) many relatively small truncated cone shaped pro- 
tuberances uniformly distributed on its exterior sur- 
face; 

(b) said protuberances having a height to base ratio 
slightly greater than one and being spaced apart at a 
distance of two to three base diameters. 

5. In a spherical meteorological balloon of the substan- 
tially constant volume type having a diameter in the range 
01 1 to 2 meters, the improvement comprising: 

(a) many relatively small cone shaped protuberances 
uniformly distributed on its exterior surface; 

(b) said protuberances having a height to base ratio 
slightly greater than one and being spaced apart at a 
distance of two to three base diameters. 

75 (References QEU ~Q~lowing page) 
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wherein said protuberances are truncated cones. 

55 wherein said protuberances are of a conical shape. 
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